Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed page of such transmission.
INTRODUCTION
The importance of large rodents and lagomorphs as prey for many raptor species during the breeding season is well documented (Howard and Wolfe, 1976; Woffinden and Murphy, 1977, 1989; Janes, 1985; Bednarz, 1987; Schmutz and Hungle, 1989) . There is less information on the diet of raptors during migration and winter, despite the fact that raptor mortality in the nonbreeding season may be high and may affect population stability (Hall et al., 1988 ; but see Schmutz and Fyfe, 1987; Cully, 1988) . Between 1985 Between -1987 an epizootic of plague (Yersinia pestis) reduced numbers of Gunnison's prairie dogs (Cynomys gunnisoni) in the Moreno Valley, New Mexico, 105?16'W, 36030'N, (Cully, 1988 (Cully, , 1989 . This event provided an opportunity to study the numerical relationship between prairie dogs and migratory raptors. The plague outbreak constituted a serendipitous "natural experiment" in that the epizootic progressed through three phases from the north end of the valley to the south, and decimated prairie dogs over three large discrete areas. This paper describes changes in raptor abundance in each area that occurred as the prey resource declined and then recovered.
If prairie dogs regulate local raptor populations in the Moreno Valley, then dependent raptor populations should decrease in the same areas of the valley where prairie dog numbers declined. Dependent raptor populations should then increase as prairie dog numbers rebound following the epidemic. Small changes in prairie dog density might not affect raptor numbers if the raptor populations are held below the carrying capacity of the prey base by other extrinsic factors. However, even it the raptors were below carrying capacity prior to plague, but dependent on prairie dogs, the near total elimination of prairie dogs by plague should be followed by statistically detectable reductions in raptor numbers. Response of raptor numbers to changing prairie dog numbers would not occur if raptor numbers are regulated by factors other than prairie dog abundance, or if raptor species forage opportunistically by switching from one prey species to another depending on the relative abundance of other prey species. If raptors respond to reduced prairie dog numbers by moving elsewhere, this would also be recorded as a local decline in raptor population.
METHODS
Raptor counts. -I conducted 43 roadside counts of raptors (excluding turkey vultures, Cathartes aura), at intervals of approximately two weeks from March 1985 to November 1987. Counts were made on mornings with winds less than 20 KPH and usually began between 09:00 and 10:00 MDT. The survey route was the same in all cases, was approximately 30 km long and took 2-2.5 hours to complete (Fig. 1) . I stopped at approximately 1-km intervals to scan for raptors. On most mornings, at most stops, no raptors were counted. If a raptor appeared between regular stops, I pulled off the road to identify it and record its location. I was careful not to count a raptor more than once. These counts probably underestimated the total number of raptors present in the valley, but procedures were standardized to provide accurate relative estimates of raptor density. The species and location of each raptor was noted so that it could be assigned to one of three areas (north, middle, south) within the valley. Raptors seen in each section of the valley were then tabulated by species.
Study sites and estimation ofprey numbers. -Two study sites were established in the Moreno Valley prior to the plague epizootic to monitor prairie dog numbers. The Midlake study site was established adjacent to Eagle Nest Lake in October 1984, and the Val Verde site was established in October 1985 (Fig. 1) . In October 1984, I drove or walked through all suitable habitat east of Highway 64 to determine the distribution of prairie dogs in the valley. I estimated that 40% of the grassland habitat was populated by Gunnison's prairie dogs, and that the density at Midlake was typical of colonies generally in 1984, and in the middle and south thirds of the valley in July 1985. Prairie dog density and colony distribution west of Highway 64 appeared to be similar to that east of the highway.
I established new study areas at two additional towns to monitor prairie dog population recovery subsequent to plague. Vega was established in the north in April 1986 following the epizootic in 1985 (Fig. 1) . South Entrance was established in May 1987 following the epizootic in the middle of the valley.
Val Verde, like Midlake, was monitored before the epizootic and, because some prairie dogs survived, monitoring continued afterwards as well. After plague passed through each area, I searched the plague-affected areas for surviving prairie dogs. In addition, in areas through which the plague had passed, I recorded any prairie dogs observed during raptor surveys. When I found new colonies I estimated the area of the colony and the number of prairie dogs.
At Midlake I staked a 6 ha grid, and at Vega and South Entrance I staked 2 ha grids to map burrows. I attempted to trap and mark all prairie dogs in the marked areas in order to obtain estimates of population size. Prairie dogs were live-trapped and marked with numbered ear-tags and dye marks in the fur. Population size was estimated at each area, each year by dividing the total number of individuals caught and marked by the area trapped and then multiplying the estimated area of the colony by the estimated density. I did not mark a grid or map burrows at Val Verde, but trapped prairie dogs on approximately 0.5 ha in 1985 and 1 ha in 1987. The population of the study site colonies was then used as a relative index of prairie dog population in the north, middle and south sections of the valley. Because there were numerous prairie dog colonies in each section of the valley prior to plague, but the study colonies were the largest of a reduced number of colonies in each region after the plague, the population declines that occurred as a result of plague were greatly underestimated by the trapping counts.
Analysis. -Although other raptor species were seen during counts, three species, the redtailed hawk (Buteo j'amaicensis), ferruginous hawk (B. regalis), and golden eagle (Aquila chrysaetos), were present in high enough numbers for statistical analysis during the period when prairie dogs were active. Numbers of red-tailed hawks, ferruginous hawks, and golden eagles were subjected to a two-way analysis of variance (ANOVA), using SPSSPC + (Norusis, 1988 ) after logarithmic transformation of data to equalize variances (Sokal and Rohlf, 1981) . The treatment effects of the ANOVA were area (north, middle and south) and year. If raptor abundance is a function of prairie dog abundance, as hypothesized, the ANOVA should have a significant interaction effect because the north and south had high prairie dog densities in different years. To test whether significant interaction patterns correlate with prairie dog density, hawk density and prairie dog density were tested for congruency by use of a Spearman's rank correlation test using SYSTAT (Wilkinson, 1989) . The prairie dog densities calculated from trapping data were not independent between counts within years, however, so statistical significance should not be attributed to this test. In all other statistical analyses the alpha level was set at 0.05. 
RESULTS
Prairie dog populations. -Based on visual observations of fur-marked individuals, more than 90% of the prairie dogs on the 6-ha study site at Midlake were captured between October 1984 and July 1985. In October 1984, the prairie dog density at Midlake was 30/ ha (Table 1) . I estimated that prairie dog colonies occupied a total area of 40-50 kiM2, and that the total prairie dog population in the Moreno Valley was 100,000-150,000 at that time.
The Vega study site was not yet established in 1984, but the prairie dog density at colonies in the north appeared to be comparable to density at Midlake. I estimated that prairie dog colonies in the north third of the valley covered 1000 ha in 1984, for a total population size of 30,000. Plague struck the prairie dogs in the northern third of the valley during winter and spring 1985 (Fig. 1) , and the prairie dog population in the north declined at that time. A careful search in June 1985 located isolated individuals and one colony of about 20 prairie dogs that had disappeared one month later. There were scattered prairie dogs in the north in late summer, but the population density was less than 1 per ha. A small colony of 17 prairie dogs formed at Vega in spring 1986. The Vega colony grew during 1986-1987 to more than 200 prairie dogs by October 1987 (Table 1) . In 1987 there were also other small colonies established in the north.
On 15 July 1985, there was no noticeable decline in prairie dog density in the middle section of the valley. However, by mid-September 1985, the population was in decline and I was able to count only 25 prairie dogs on 6 ha at Midlake. All were gone from Midlake by July 1986 (Table 1) . By 1 September 1986, I was able to locate only 2 prairie dogs in a careful search of 2 km2 adjacent to Eagle Nest Lake. Based on visual searches, the total TABLE 2.-Seasonal abundance of red-tailed hawks, ferruginous hawks and golden eagles throughout the entire valley and over all three years (1985) (1986) (1987) on counts prior to 1 September (Summer), and after 1 September (Autumn). Means and standard deviations are shown separately for each raptor species in each area in Figure 2 . n = the number of raptor counts, x = the mean number and SD iS the standard deviation of hawks per count. F is the result of ANOVA tests for differences between seasons (Table 1 ). In July 1986, I trapped 30 prairie dogs there on approximately 1 ha, but the proportion of marked individuals in traps did not exceed 50%, so my estimate of the population prior to plague at the Val Verde colony was too low (Table 1) . This colony was destroyed by plague within the month following the July 1986 trapping session. In August I trapped at an isolated colony nearby and estimated the population to consist of 90 prairie dogs. The epizootic spread to that colony and throughout the southern area in summer 1986 and by October 1986 the population in the south was reduced to <100 prairie dogs. The epizootic continued into 1987, when 4 prairie dogs were captured on 2 ha at Val Verde (Table 1) . In August 1987, I estimated that there were 25-50 prairie dogs in the south third of the valley.
Raptor populations.-Red-tailed hawks, ferruginous hawks and golden eagles were all common species in the Moreno Valley during the three years of this study, and all were observed killing prairie dogs (Cully, 1988) . The red-tailed hawk was the most abundant species during the summer and their numbers increased during autumn migration (Table  2) . Golden eagles were also present each year during spring, summer and autumn when prairie dogs were active above ground, but golden eagle numbers did not change seasonally (Table 2) . Ferruginous hawks were most common during autumn migration. They were irregular and uncommon visitors during spring and summer. Prior to autumn migration, which began in September, the mean number of all raptors seen per 30-km count was 6.8 (n = 30 counts, SD = 4.09). During the September-October migration period, the mean number of raptors per count increased to 21.1 (n = 13 counts, SD = 7.84).
During both summer and autumn the red-tailed hawks were evenly distributed throughout the valley. The summer ANOVA for differences among years was nearly significant (Table TABLE 3 3), but that statistic probably reflects the low number of red-tailed hawks in the south in 1985 (Fig. 2) when prairie dogs were abundant there. The interaction term in the ANOVA was not significant, and the Spearman rank correlation coefficient (r = -0.102) did not indicate correlation of red-tailed hawk numbers with prairie dog abundance. Golden eagles were less common during all seasons than red-tailed hawks, and during autumn they were less common than ferruginous hawks. Golden eagle numbers did not change significantly between summer and fall, so seasonal data were lumped for analysis. They were most common in the southern two-thirds of the valley during all 3 years (Fig.  2) . Golden eagle numbers differed significantly among areas (F = 8.923, n = 129, P < 0.001) and years (F = 5.282, n = 129, P = 0.006), but the interaction was not significant (F = 1.204, n = 129, P = 0.313).
There were highly significant differences in the numbers of ferruginous hawks counted in summer vs. autumn (Table 2 ). Prior to autumn migration, ferruginous hawks were rare in the Moreno Valley with two few data for statistical analysis. The autumn counts, however, showed highly significant differences among years and areas, and the interaction term was also significant during autumn (Table 3) . During autumn migration ferruginous hawk numbers in the three sections of the valley were positively correlated with estimated prairie dog density (Spearman rank correlation coefficient = 0.658), although significance levels cannot be inferred as discussed above.
DISCUSSION
Data on food habits of large raptors are difficult to obtain because these birds travel over long distances. Bednarz (1988) followed groups of radio-tagged Harris' hawks (Parabuteo uncinctus) during two winters and observed 30 kills in 403 h of observation. Callopy (1983b) observed 126 attacks on prey by golden eagles of which 23 were successful. Other food habit studies of large raptors have focused on prey delivered to nests (Luttich et al., 1970; Wakely, 1978; Ensign, 1983; Callopy, 1983a; Gilmer and Stewart, 1983; Janes, 1985; Steenhoff and Note that the scale for autumn red-tailed hawks and ferruginous hawks is double that of summer. Golden eagle data are pooled for spring, summer and autumn because there were no seasonal differences in numbers Kochert, 1988) , or on opportunistic observations (Cully, 1988) . Food habit data for migratory raptors are virtually nonexistent because of the transient behavior of the birds.
The plague epizootic in the Moreno Valley provided an unusual opportunity to examine the relationship between raptors and prairie dogs because of the dramatic, spatially defined, changes in prairie dog density. Prairie dog mortality due to plague exceeded 99% (Cully, 1989) , and was similar to mortality in Gunnison's prairie dogs caused by plague in Colorado (Lechleitner et al., 1962 (Lechleitner et al., , 1968 Fitzgerald, 1970; Barnes, 1982; Rayor, 1985) . The prey community was well suited to this analysis because other large rodent or rabbit prey species were rare in the valley. Gunnison's prairie dogs, thirteen-lined ground squirrels (Spermophilus tridecimlineatus), meadow voles (Microtus pennsylvanicus) and deer mice (Peromyscus maniculatus) were the available prey species in the grassland which was the focus of this study. Botta's pocket gophers (Thomomys bottae) occurred locally but were more common at the edge of the surrounding forest than in grassland. During four years of field work (approximately 1500 h of observation) I saw only three cottontail rabbits (Sylvilagus sp.), this species is also more common at the forest edge, and one black-tailed jackrabbit (Lepus californicus) in the grassland. Woodrats (Neotoma sp.), golden-mantled ground squirrels (S. lateralis) and least chipmunks (Eutamias minimus) were common in the surrounding forest, but absent from the grassland.
Red-tailed hawks preyed on prairie dogs (Cully, 1988) , but there was no statistically significant relationship between red-tailed hawk numbers and spatial or temporal changes in prairie dog numbers. Red-tailed hawks used alternate prey species in the Moreno Valley; I saw them kill meadow voles and thirteen-lined ground squirrels once each. In the valley bottom habitat, this species was most frequently seen associated with mesic grassland where voles were abundant. Red-tailed hawks were frequently seen flying along the forest edge, and they probably also took prey that occurred there. Red-tailed hawks have a varied diet (Luttich et al., 1970; Janes, 1985) , a feature that probably allowed them to persist in the Moreno Valley without spatial or temporal population changes despite the radical fluctuations in the prairie dog populations.
Golden eagles were often seen hunting over prairie dog towns. They were also frequently observed at the forest edge, particularly at the south end of the valley. Golden eagle numbers steadily declined throughout the valley from 1985-1987. Golden eagles probably forage over larger areas than red-tailed or ferruginous hawks so that as long as prey were available somewhere in the valley eagles could be found at their favored perch sites at the south end of the valley. Golden eagles use large prey species such as black-tailed jackrabbits, mountain cottontails (Sylvilagus nuttaiji), prairie dogs and ground squirrels (Callopy, 1983a, b; MacLaren et al., 1988; Cully, 1988) . At the Snake River Birds of Prey Area, in Idaho, rabbits constituted more than 90% of prey delivered to golden eagle nests (Callopy, 1983a) , and in Wyoming rabbits contributed 62%, prairie dogs 18% and ground squirrels 5% of prey biomass delivered to golden eagle nests (MacLaren et al., 1988) . When they are available, prairie dogs are probably important prey for golden eagles in the Moreno Valley. Prairie dogs were missing from the north end of the valley when raptor counts began in 1985, and the low eagle numbers then may reflect the absence of prairie dogs. The steady disappearance of golden eagles from 1985-1987 correlates with the demise of prairie dogs that resulted from plague. Although there was some recovery of prairie dogs in the north by spring 1987, there may have been too few prairie dogs at that time to support nesting eagles.
Ferruginous hawks were abundant during migration, were rare at other times of the year, and did not breed in the Moreno Valley. During autumn, when ferruginous hawks were abundant, their spatial distribution was consistent with the hypothesis that the local abundance of this species was linked to the availability of prairie dogs during autumn migration in the Moreno Valley. Ferruginous hawks primarily take large prey such as rabbits (Howard and Wolfe, 1976) , ground squirrels (Ensign, 1983; Gilmer and Stewart, 1983; Wakeley, 1978; Schmutz and Hungle, 1989 ) and Gunnison's prairie dogs. Unlike red-tailed hawks and golden eagles, which frequently hunted along the forest edge, ferruginous hawks were always seen hunting over grassland. During 1984 During -1985 , I saw ferruginous hawks kill prairie dogs six times (Cully, 1988) , and I never observed the species with other prey. The pattern of ferruginous hawk abundance during fall migration suggested that ferruginous hawks responded strongly to the local availability of prairie dogs.
